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Claims 

1 . A method for manufacturing a water-absorbing composite characterized by the fact that 
it is constituted by a tape-shaped laminate, or an untwisted yarn or composite fiber body obtained 
by splitting the laminate, which is composed of at least one layer of a high melting point 
synthetic resin and at least one layer of a low melting point synthetic resin and in which said low 
melting point synthetic resin layer is exposed on at least one surface; that the tape-shaped 
laminate, or the above-mentioned by twisted yarn or composite fiber body, in which a 
water-soluble resin powder is fused to the outer surface of the low melting point synthetic resin 
layer exposed at the surface, is contacted with an aqueous solution, mainly composed of 
crosslinks agent, foaming agent, and water, in a foamed state; that the water-soluble resin is 

then crosslinked and dried. 

2. The method for manufacturing a water-absorbing composite of Claim 1, wherein the 
foaming magnitude of the above-mentioned aqueous solution mainly composed of crosslinkmg 
agent, foaming agent, and water, is 5-18 times. 
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3. The method for manufacturing a water-absorbing composite of Claim 1 or 2, wherein 
the above-mentioned foaming agent is an anionic or nonionic surfactant. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a method for manufacturing a water-absorbing 
composite composed of a thermoplastic synthetic resin. Furthermore, in terms of usages, it 
pertains to a method for manufacturing water-absorbing composites being used as waterproof 
coating materials such as for telecommunication cable and optical fiber communication cable, 
water retaining sheets for agriculture and horticulture, various kinds of water stopping materials 
for engineering work and construction, dehydrators for industries, sanitary materials, medical 
materials, etc. 

Prior art 

Waterproof coating materials utilizing a water-absorbing or moisture-absorbing material 
have been used in many fields up to now. 

For example, in a so-called conductive, cable such as telecommunication cable or optical 
fiber communication cable, since the permeation of water and moisture from the outside is 
absolutely not allowed, a minute waterproof coating is applied in particular to the part where 
cables are connected to each other. 

In this waterproof coating, a water-absorbing material and a moisture-absorbing material 
are further wound on the outer surface of a waterproof coating material applied to the contact 
part, and a waterproof material such as rubber is coated on it. Moisture penetrating through the 
waterproof material of the outermost surface into the coating layer is absorbed by the 
above-mentioned water-absorbing material and moisture-absorbing material, so that it does not 
reach the cable. 

As the water-absorbing material and the moisture-absorbing material being used here, 
there are polyethylene glycol-impregnated polypropylene split fiber, diethylene 
glycol-impregnated paper, etc. 

However, since these water-absorbing and moisture-absorbing materials were wettable, 
their handling was complicated, and since fluid was a constitutional element, coating 
reproducibility was very difficult. 

On the other hand, the surface of a untwisted monolayer polyolefin fiber yarn can be put 
in a molten state, and a fine powder of a high-molecular-weight water-absorbing agent such as 
crosslinked soda polyacrylate or acrylic acid-vinyl acetate copolymer is spread on it and fused, so 
that a water-absorbing or moisture-absorbing material is obtained. 
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However, in this water-absorbing material and moisture-absorbing material, stretched 
fibers lose their stretch capacity from melting and cannot stand the tensile stress during cable 
handling, so that not only is damage easily caused, but also there are problems with the amount 
of high-molecular-weight water-absorbing agent that is fused. 

As a means to solve these problems, it is proposed that a powdered high-molecular- 
weight water-absorbing agent be added and kneaded with the resin during extrusion of 
polyolefin, and waterproof performance be given to the extruded film by applying a fiber 
splitting treatment after a stretching treatment. However, the high-molecular-weight 
water-absorbing agent is generally not heat resistant, and even at the melting temperature or 
lower of the polyolefin, if it is maintained there for a long time until extrusion, not only is the 
water absorptivity lowered, but also almost the entire high-molecular-weight water-absorbing 
agent is embedded into the resin after extrusion, so that the amount exposed on the surface is 
very slight. Thus, the waterproofing effect cannot be sufficiently realized. 

Also, in another attempt, a water-soluble resin is fused to a fibrous material such as 
untwisted muitilayer polyolefin yarn, contacted with an aqueous solution of a crosslinking agent, 
and dried, so that a water-absorbing material is obtained. However, high heat is required for 
drying, and a long time is also required. 

Problem to be solved by the invention u +0 -„:„ 0 
The purpose of the present invention is to provide a manufacturing method for obtaining 
a water-absorbing composite which can be dried at low temperature in a short time, is easily 
manufactured and handled, has water absorptivity higher than that of conventional materials, and 
has favorable tensile strength, in a method that fuses a water-soluble resin to a fibrous material or 
tape-shaped laminate and crosslinks it. 

Means to solve the problem 

The method for manufacturing a water-absorbing composite is characterized by the fact 
that ,. is constituted by a tape-shaped laminate, or an untwisted yam or composite fiber body 
obtained by spurring the .aminate, which is composed of a, ,eas, one layer of a W 
synthetic resin and a. .east one layer of a low melting point synthetic resm and m whtch atd low 
melting point synthetic resin layer is exposed on at leas, one surface; that the tape-shaped 
laminate, or the above-mentioned untwisted yam or composite fiber body, m whtch a 
water-soluble resin powder is fused to the outer surface of .he low melting pom. synthetic restn 
layer exposed at the surface is contacted with an aqueous solution, mainly composed of 
crosslinking agent, foaming agen,, and water, in a foamed state; that the water-soluble ream ts 
then crosslinked and dried. 
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Next, the manufacturing method of the present invention will be explained in further 

detail. 

In the present invention, the base of the water-absorbing composite is a tape-shaped 
laminate which is composed of at least one layer each of a high melting point synthetic resin and 
of a low melting point synthetic resin and in which the low melting point synthetic resin layer is 
exposed on at least one surface, or [the base is] an untwisted yarn or composite fiber body 
obtained by splitting the laminate. 

The tape-shaped laminate is at first a film-shaped laminate, obtained by coextruding a 
high melting point synthetic resin and a low melting point synthetic resin or obtained by 
laminating together the high melting point synthetic resin and the low melting point synthetic 
resin, that is slit to a narrow width after stretching or stretched after slitting it to a narrow width. 
Its size is preferably 500-10,000 denier, especially preferably 1,000-4,000. 

Also, the untwisted yarn refers to a mesh shape or a complete fiber shape formed by 
splitting the tape-shaped laminate on splitting rolls, for instance. Its single yarn 
width is preferably 0.03-0.2 mm, more preferably 0.03-0. 1 1 mm, and most preferably 
0.03-0.07 mm. Figure 2 shows one example. A synthetic resin layer 1 with a high melting point 
is used as an intermediate layer, and a synthetic resin layer 2 with a low melting point is 

positioned on its outside. 

As preferred examples of the film-shaped laminate being used in the manufacture of the 
tape-shaped laminate and the untwisted yarn, a high melting point synthetic resin layer/low 
melting point synthetic resin layer (hereinafter, abbreviated as high/low), a three-layer laminate 
of low/high/low, and a five-layer laminate of low/high/low/high/low can be mentioned. 

Next, as the composite fiber body used as the base, a stretched side-by-side type 
composite fiber composed of a synthetic resin component with a high melting point and a 
synthetic resin component with a low melting point, and a stretched sheath-core type composite 
fiber composed of a sheath of a low melting point synthetic. resin and a core of a high melting 
point synthetic resin, can be mentioned. The size of composite fiber body is preferably 
10-60 denier. 

The number of layers in the tape-shaped laminate, untwisted yarn, and composite fiber 
body is not particularly limited, but it is preferable to constitute the inner layer with the high 
melting point synthetic resin and the outer layer with the low melting point synthetic resin. A 
larger difference in the melting point between the high melting point synthetic resin and the low 
melting point synthetic resin is preferable. In general, 10°C or higher is preferable. However, the 
difference of the melting point may also be slight in synthetic resins in which melting begins 
abruptly at the melting point. 
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In general, the high melting point synthetic resin is selected from thermoplastic synthetic 
resins such as crystalline polypropylene, high-density polyethylene, polyester, nylon 6, and nylon 
66. 

Also, as the low melting point synthetic resin, a low melting point thermoplastic resin 
with favorable adhesion to the high melting point synthetic resin is used. As examples, polyolefm 
such as low-density polyethylene, straight-chain low-density polyethylene, and high-density 
polyethylene; ethylene-vinyl acetate copolymer; polyolefm (ER resin, in particular, a 
graft-modified product of a high-density polyethylene and a straight-chain lowrdensity 
polyethylene is preferable, and the graft rate is preferably 0.3-0.36 wt%) such as low-density 
polyethylene, straight-chain low-density polyethylene, high-density polyethylene, and 
polypropylene graft-modified by an unsaturated carboxylic acid or its anhydride, such as maleic 
acid, fumaric acid, itaconic acid, maleic anhydride, and itaconic anhydride; ethylene-acrylate or 
methacrylate copolymer such as. ethyl ene-maleic anhydride/methyl methacrylate ternary 
copolymer (ET resin), ethylene-acrylic acid copolymer (EAA resin), and ethylene-ethyl acrylate 
copolymer (EEA resin); thermoplastic resin (that is, ionomer resin) in which an 
ethylene-methacrylic acid copolymer is partially neutralized with a metal such as sodium or zinc 
can be mentioned. 

Among these low melting point synthetic resins, in particular, use of a low melting point 
thermoplastic resin having a carbonyl group or carboxyl group is preferable. If such a low 
melting point thermoplastic resin is used, when a water-soluble resin, which will be mentioned 
later, is crosslinked, a crosslinking agent is reacted with the water-soluble resin and reacted with 
the above-mentioned functional group of the low melting point synthetic resin, so that bonding of 
the crosslinked product of the water-soluble resin and the low melting point synthetic resin is 
further strengthened, so that the crosslinked product is prevented from separating. 

Detailed. preferred combination examples of the high melting point synthetic resin and the 
low melting point synthetic resin are as follows. 

A combination of a crystalline polypropylene and an acid graft-modified straight-chain 
low-density polyethylene; a combination of a crystalline polypropylene and an acid 
graft-modified high-density polyethylene; a combination of a crystalline polypropylene and an 
ethylene-maleic anhydride/methyl methacrylate ternary copolymer; and a combination of a 
crystalline polypropylene and an ionomer resin. 

In the present invention, first, the water-soluble resin powder is fused to the outer surface 
of the low melting point synthetic resin layer exposed at the surface of the tape-shaped laminate 
or the untwisted yarn or composite fiber body. 

In fusing the water-soluble resin powder to the low melting point synthetic resin layer, for 
example, a method that heats the tape-shaped laminate or the untwisted yam or composite fiber 
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body up to the vicinity of the melting point of the low melting point synthetic resin, contacts the 
water-soluble resin powder with the heated tape-shaped laminate or the untwisted fiber yarn or 
composite fiber body, and fuses said water-soluble resin powder to the outer surface of the low 
melting point synthetic resin layer being exposed at the surface; a method that heats the 
tape-shaped laminate or the untwisted yarn or composite fiber body up to the vicinity of the 
melting point of the low melting point synthetic resin and exposes the water-soluble resin powder 
to the surface of the heated tape-shaped laminate or the untwisted yam or composite fiber body 
by using a charge coater; and a method that attaches the water-soluble resin powder to the 
tape-shaped laminate or the untwisted yarn or composite fiber by the charge coater, heats said 
tape-shaped laminate or untwisted yarn or composite fiber body to the vicinity of the melting 
point of the low melting point synthetic resin exposed at the surface, and fuses the water-soluble 
resin powder to the outer surface of the low melting point synthetic resin layer exposed at the 
surface, etc., can be mentioned. 

The water-soluble resin powder used in the present invention is a water-soluble high- 
molecular-weight powder having a carboxyl group, sulfonic acid group, or their salts; as detailed 
examples of this, polyacrylic acid and its copolymer, polyacrylate, polyacrylamide-partially 
hydrolyzed product, polystyrenesulfonic acid, polyacrylamidepropanesulfonic acid and its 
copolymer, etc., can be mentioned. It is preferable for the average particle diameter of the 
water-soluble resin powder to be small so that the low melting point synthetic resin layer exposed 
of the outer surface of the tape-shaped laminate, untwisted yam, and composite fiber 
body is as densely coated as possible. In general, its average particle diameter is 10-500 pm, 
preferably 10-300 pm, and more preferably 10-50 pm. If the average particle diameter exceeds 
500 pm, the water-soluble resin cannot form a dense coating, and the hand of the surface of the 
water-absorbing composite obtained deteriorates. 

Also, for a water-soluble resin with an average particle diameter of less than 10 pm, 
manufacture and handling are difficult, and the cost is also high. 

The amount of water-soluble resin being attached or fused is preferably 10-60 wt% of the 
weight of the unattached tape-shaped laminate, untwisted yam, or composite fiber body. If the 
amount being attached or fused is less than 10 wt%, sufficient water absorptivity cannot be 
obtained, and if the amount is more than 60 wt%, not only is the surface hand poor, but also the 
water-soluble resin can be separated by rubbing. 

As mentioned above, in attaching or fusing the water-soluble resin, the tape-shaped 
laminate, untwisted yam, or composite fiber body is heated up to the vicinity of the melting point 
of the low melting point synthetic resin; however, the high melting point synthetic resin, which is 
the other constitutional component, is largely unchanged, even by heating. Thus, the tape-shaped 
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laminate, untwisted yarn, or composite fiber body maintain good tensile strength as is without 
losing orientation due to stretching. 

In the next step, crosslinking treatment is performed by placing the water-soluble resin, 
which is fixed to the tape-shaped laminate, untwisted fibers or composite fibers, in contact with 
the foam of the aqueous solution mainly made of a crosslinking agent, a foaming agent and 
water. 

The crosslinking agent used in the present invention has two or more functional groups 
that can react with the carboxyl group, sulfonic acid group, or their salts, of the above-mentioned 
water-soluble resin, and any substance can be used as long as it has water solubility. 

As representative examples of such crosslinking agents, polyfunction^! epoxy compounds 
such as sorbitol polyglycidyl ether, polyglycerol polyglycidyl ether, diglycerol polyglycidyl ether, 
glycerol polyglycidyl ether, ethylene glycol diglycidyl ether, and polyethylene glycol diglycidyl 
ether can be mentioned. 

Also, substances having water solubility are used as the foaming agent. As representative 
examples, anionic surfactants such as aliphatic alkyl sulfate and alkylaryl sulfonate and nonionic 
surfactants such as lower alkyl (1-4 carbons) or phenyl ether of polypropylene glycol or 
propylene glycol, alkylphenol group, primary or secondary long-chain alcohol sulfate, cellulose 
ether, alcohol ether, and aliphatic diethanolamide group can be mentioned. 

In order to facilitate the reaction with the carboxyl group, sulfonic acid group, or their 
salts, of the water-soluble resin and to make the crosslinking density uniform, the 
above-mentioned crosslinking agent and foaming agent are used as an aqueous solution as will 
be described later, preferably as a dilute aqueous solution. The ratio of water, crosslinking agent, 
and foaming agent of the aqueous solution is preferably the crosslinking agent at 0.005-2 parts by 
weight and the foaming agent at 0. 1-5 parts by weight to the water at 100 parts by weight. 

It is necessary for the above-mentioned foaming agent and crosslinking agent to be used 
as an aqueous solution and to form these foams. The amount of crosslinking agent used is 
preferably 0.01-2 wt% of the weight of the above-mentioned fused water-soluble resin. If the 
amount used is less than 0.01 wt%, the degree of crosslinking of the water-soluble resin is low, 
sufficient water absorptivity cannot be obtained, and the crosslinking agent dissolves in water. 
Also, if the amount used is more than 2 wt%, the degree of crosslinking is too high, so that the 
absorptivity is insufficient. 

Also, the amount of foaming agent is preferably 0.25-2 wt% of the weight of the 
above-mentioned fused water-soluble resin. If the amount used is less than 0.25 wt%, foaming is 
unstable, and the crosslinking density is nonuniform. Also, if the amount used is more than 
2 wt%, foaming is excessive, the amount of crosslinking agent added for the water-soluble resin 
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is reduced, and the degree of crosslinking is lowered, so that sufficient water absorptivity cannot 
be obtained and the [foaming agent] dissolves in water. 

Also, in the aqueous solution foams composed of the two components of foaming agent 
and crosslinking agent, since the water-absorbing composite obtained by contact with the 
above-mentioned fused water-soluble resin is sometimes hardened, a small amount of softening 
agent, such as glycerin, for instance, may also be added to the above-mentioned aqueous 
solution, if necessary. The amount of said softening agent added is preferably in a range of 0.01-2 
wt% of the weight of the above-mentioned fused water-soluble resin. 

In the present invention, foams are formed from the aqueous solution having the 
above-mentioned foaming agent, crosslinking agent, and water as essential components, are 
contacted with the above-mentioned fused water-soluble resin, and are crosslinked. 

The reason why foams are used instead of the above-mentioned aqueous solution is that 
the drying temperature must be high in the drying process at a latter stage if the aqueous solution 
is used, which is not favorable from a cost standpoint, while low-temperature drying is possible if 
foams are used, so that not only can the cost be reduced, but also shape change of the untwisted 
yams is kept low, thereby retaining the hand. 

As methods for forming the foams from the above-mentioned aqueous solution, an open 
system such as horizontal padder, knife coating method, doctor roll method, Questar 
[transliteration] method, Monfort [transliteration] method, and Mitter [transliteration] method 
and a closed system such as FFT method, rotary screen method and print near [transliteration] 
method can be mentioned. The latter closed system, in which the foams are formed without 
. contact with the air, is preferable in terms of foam stability. In particular, the FFT method, which 
is a high-speed stirring method using a foaming machine while blocking air entry into the 
above-mentioned aqueous solution is preferable. Also, though determination of the foaming 
magnitude is related to the concentration of the foaming agent, the amount of aqueous solution 
and the amount of air blown in are primary factors. 

Since the kind of tape-shaped laminate, untwisted yarn, and composite fiber body and the 
transport rate vary, the foaming magnitude of the foams obtained from the above-mentioned 
aqueous solution is not uniformly determined. However, it is generally 5-18 times, preferably 
8-13 times. The reason for this is that if the foaming magnitude is less than 5 times, since the 
moisture level is increased, not only is a long time required for drying, but also the degree of 
crosslinking is increased, so that the water absorptivity is reduced. Also, if the foaming 
magnitude is more than 18 times, the concentration of the crosslinking agent is reduced, so that 
the degree of crosslinking is lowered, which is not desirable. The tape-shaped laminate, 
untwisted yams, or composite fiber body to which the water-soluble resin is fused are contacted 
with the above-mentioned foams and dried. 
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When the above-mentioned water-soluble resin is contacted with the above-mentioned 
foams the functional group of the crosslinking agent in the foams reacts with the carboxyl group, 
sulfonic acid group, or their salts, of the water-soluble resin, and a crosslinked product of the 
water-soluble resin is formed on the tape-shaped laminate, untwisted yarn, or composite fiber 
body. The reaction is further accelerated by the drying treatment. 

At that time, if the low melting point synthetic resin having a carbonyl group or carboxyl 
group is used, the reaction of these groups and the functional group of the crosslinking agent is 

caused simultaneously. 

Figure 3 shows an example of the untwisted yarn to which the crosslinked product is 
fused, and a crosslinked product 3 is attached to the surface of a low melting point synthetic 
resin 2. 

Also, the temperature of the drying treatment depends on the kind of tape-shaped 
laminate, untwisted yam, or composite fiber body being used, the kind and amount of 
water-soluble resin being attached, the foaming magnitude, the amount of crosslinking agent 
being added, etc.; however, considering the characteristic values of the water-absorbing 
composite to be obtained, a temperature lower than 120°C is preferable. Also, the drying time is 
not uniformly determined due to temperature, etc.; however, since the amount of moisture 
becoming attached is small, about 1-10 min, preferably about 2-6 min is sufficient. Also, a batch- 
type drying method can be adopted as the drying treatment, as well as a continuous drying 
method. 

The water-absorbing composite obtained by means of the above processes can be applied 
to the manufacture of an unwoven fabric, for instance. 

First, the untwisted yarn is manufactured from the tape-shaped laminate, to which the 
crosslinked product is fused, by splitting rolls. The untwisted yarn and the composite fiber body 
to which the crosslinked product is fused are changed to short fibers by combing rolls. The short 
fibers are drawn to and deposited on a screen net by vacuum, so that a web is formed. If the web 
is thermally pressed through hot rolls, a sheet-shaped unwoven fabric is obtained. 

This unwoven fabric has high water absorptivity and elasticity and is suitable for water 
retaining sheets for agriculture and horticulture, dehydrators for engineering work and industries, 
sanitary materials, and other materials. 

Application examples 

Next, the present invention will be explained in further detail using application examples 

and comparative examples. 

Also, in the measurement of the water absorption magnitude of the water-absorbing 
composite obtained, 1 g of water-absorbing composite was dipped for 5 min in 1 50 mL of 
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distilled water, poured on a wire net with a mesh of 2 mm and a JK wiper 150-S (tissue). Then, 
water was drained for 10 min, and the amount of water discharged was calculated by the 
following equation. 

initial amount of water (cc) - amount of water discharged (cc) 
Water absorption magnitude = ■ sample weight (g) 

Application Example 1 

A three-layer blown film was manufactured with the following composition and method, 
and the film was slit, stretched by hot rolls, and split by splitting rolls, so that untwisted yarns 
were obtained. 
Outermost layer 

Screw diameter 40 mm<|> 

Cylinder temperature Cr. 170°C 

Cr. 190°C 
C 3 : 200°C 

L-LDPE (straight-chain low-density polyethylene, with a density of 0.920 g/cm 3 , a MFR 
of 3.0 g/10 min, and a melting point of 120°C) base ER resin (a maleic anhydride graft rate of 
0.3 5 wt% and a melting point of 1 22 °C) was melt-extruded. 
Intermediate layer 

Screw diameter 65 mm<j» 

Cylinder temperature Ci: 180°C 

C 2 :200°C 
C 3 :210°C 

PP (crystalline polypropylene, with a density of 0.90 g/cm 3 , a MFR of 3.0 g/10 min, and a 
melting point of 1 60 ° C) was melt-extruded. 
Innermost layer 

Screw diameter 40 

The other conditions were the same as those of the outermost layer. 

The three-layer blown film with a thickness of ER resin layer (20 um)/PP layer (10 
| I m)/ER resin layer (20 urn) was drawn at a die lip of 1 .2 mm and a drawing rate of 3 1 .5 m/min, 
and the film was slit at a tape width of 40 mm, stretched at a stretch roll temperature of 103 °C 
and a stretch magnitude of 5 times in the vertical direction, and untwisted at a split width of 0.07 
mm by the splitting rolls (3012 denier). The untwisted yams had 3012 denier. 

A water-soluble resin powder was attached to the untwisted yams and crosshnked by 
using an apparatus shown in Figure 1 . 
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In other words, an untwisted yarn 4 was sent to a charge coater (electrostatic powder 
coater, made by Nippon Lansbug [transliteration] K.K., 721AP unit) 5. The charge coater 5 
consists of a footing [transliteration] tank 6, a coating gun 8 for uniformly spraying a 
water-soluble resin powder 7, and a storage tank 9 for the water-soluble resin powder 7. In this 
application example, a soda polyacrylate powder with an average particle diameter of about 
50 jam was used as the water-soluble resin powder 7. 

The charge coater 5 was operated at a gun generating voltage of 70 kV and using 
10 Nm 3 /h of air, and the soda polyacrylate powder was sprayed by the coating gun 8 on the 
untwisted yarn 4 where it attached itself. The amount attached was 45 wt% of the weight of the 
untwisted yarn. Also, the running speed of the untwisted yarn 4 was 3 m/min. In the operation, 
the soda polyacrylate powder attached itself to the surface of the ER resin layer of the untwisted 
yarn 4 (because the powder itself was charged). 

An untwisted yarn 4' to which the above-mentioned soda polyacrylate powder was 
attached was sent via a roll 10 to a heater 1 1 with a heated air temperature of 130°C. This 
operation put the surface of the ER resin layer in a molten state, and the soda polyacrylate 
powder became strongly attached to the ER resin layer surface. 

Next, an untwisted yarn 4" to which the soda polyacrylate powder was fused was sent to a 
foam working machine (made by Gaston County Co., FFT machine) 12. The foam working 
machine 12 sent a mixed aqueous solution 13 of crosslinking agent, foaming agent, softening 
agent, and water to a foaming machine 15 via a liquid feed pump 14 and sent air to the foaming 
machine 15 via a compressor 16. Foam 17 was discharged from the foaming machine 15 through 
a hose 1 8 onto a wrapper-shaped tool 1 9. 

The above-mentioned mixed aqueous solution was prepared by mixing water at 100 parts 
by weight, ethylene glycol diglycidyl ether (crosslinking agent, Dinercol [transliteration] 
EX-313) at 0.01 part by weight, foaming agent (nonionic surfactant, Meiformer [transliteration] 
F210, made by Meisei Chemical Works, Ltd.) at 0.5 part by weight, and glycerin at 0.1 part by 
weight. Also, as the operating conditions of the foam working machine 12, the rate of rotation of 
the foaming machine 15 was 900 rpm, the amount of liquid fed was 75 g/min, the amount of air 
was 1 .0 L/min, and the foaming magnitude was 11.6 times. 

The soda polyacrylate powder on the ER resin layer made contact with the foam 17 in the 
foam working machine 12, arid the crosslinking treatment was started. An untwisted yarn 4 m in 
this condition was sent to a dryer 20 operating at a temperature of 120°C, and the untwisted yarn 
4"' was guided along a zigzag path by guide rolls 21, dried during a passage time of 3 min in the 
dryer, and finally wound on a bobbin 22. 

The characteristics of the water-absorbing composition obtained are shown in Table I. 
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Application Example 2 

The three-layer blown film (ER resin layer 20 um/PP layer 1 0 um/ER resin layer 20 um) 
obtained in Application Example 1 was made into a tape with a width of 40 mm by slitting, and 
the tape was stretched five times in the vertical direction at a stretch roll temperature of 103° C, 
so that a tape of 3012 denier was obtained. This tape was untwisted at a split width of 0.07 mm 
by slit rolls. The untwisted yarns had 3012 denier. Next, the untwisted yarn was operated on by a 
crimper machine (made by Osaka Kiko Co., Ltd., OKK Turbo DC crimper) and operated at a 
speed of 12 m/min and a pressure of 0.4 kg/cm, so that crimped-untwisted yarns with 13 
crimps/inch were obtained. The untwisted yarn was sent to the charge coater 5 in similar fashion 
to Application Example 1 , and soda polyacrylate powder was attached to the ER resin layer 
(amount attached: 40 wt%) and then foamed and dried in similar fashion to Application. Example 
1 . The water-absorbing composite obtained had excellent hand, and its characteristic values are 
shown in Table 1 . 

Application Example 3 

Similar to Application Example 1, except for changing, for foam working machine 12, 
the amount of air to 0.8 L/min, the amount of liquid fed to 150 g/min, and the foaming 
magnitude to 8 times, while changing the drying time of the final process to 5 min. The 
characteristic values of the water-absorbing composite obtained are shown in Table 1.. 

Comparative Example 1 

Similar to Application Example 1 , except the foam working machine was not used, an 
untwisted yarn to which soda polyacrylate was fused was doped in a nonfoamed mixed aqueous 
solution to crosslink the above-mentioned fused soda polyacrylate, and the yarn was dried at 
120°C for 60 min, to obtain a water-absorbing composite. Its characteristics are shown in 
Table 1. 

Also, when drying was performed at 120° C for 3 min, moisture remained in the 
water-absorbing composite obtained, and the surface was sticky. 
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Table 1 
// Insert Table I // 



* Amount of soda polyacrylate attached 

** Amount of nonionic surfactant added 

*** Amount of ethylene glycol diglycidyl ether added 



Key: 1 


Application Example 


2 


Item 


3 


Crimping 


4 


Charge coater 


5 


Gun generating voltage (kV) 


6 


Amount of air (Nm 3 /h) 


7 


Heating fusion temperature (°C) 


8 


Amount of PAS* fused (wt%) 


9 


Aqueous solution (part) 


10 


Foaming agent 


11 


Crosslinking agent EGDGE 


12 


Glycerin softening agent 


13 


Water 


14 


Foam working machine 


15 


Amount of liquid fed (g/min) 


16 


Amount of air (L/min) 


17 


Rate of foaming machine rotation (rpm) 


18 


Foaming magnitude (times) 


19 


Dryer (temperature (°C)/h [sic; min]) 


20 


Water-absorbing composite fiber (denier) 


21 


Water absorption magnitude (times) 


22 


Comparative Example 1 


23 


None 


24 


Present 


25 


min 
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Effect of the invention 

As discussed above, the water-absorbing composite formed by the manufacturing method 
of the present invention had a water absorptivity superior to that of conventional materials and 
has a [higher] tensile strength. Also, its handling and manufacture are easy, and the waste of 
water-soluble resin during manufacture is small. Because a foam of the aqueous solution 
containing a crosslinking agent is used in the crosslinking treatment of the water-soluble resin, 
low-temperature drying in a short time is possible, so that the cost can be reduced. 

Therefore, the water-absorbing composite of the present invention is useful for water 
retaining sheets for agriculture and horticulture, various kinds of water stopping materials for 
engineering work and construction, dehydrators for industries, sanitary materials, and other 
materials, beginning with waterproof coating materials for conductive cables. 

Brief description of the figures 

Figure 1 is a flow chart being adopted in an application example of the present invention. 
Figure 2 is a vertical section showing an example of a composite untwisted yarn. Figure 3 is a 
vertical section showing an example of the composite untwisted yam obtained by the present 
invention. 

1 High melting point synthetic resin layer 

2 Low melting point synthetic resin layer 

3 Crosslinked product 

4 Untwisted yarn 

5 Charge coater 

7 Water-soluble resin powder 

1 1 Heater 

12 Foam working machine 

13 Mixed aqueous solution 
15 Foaming machine 

20 Dryer 



// Insert Figures 1-3 // 



Figure 1 



Figure 2 



Figure 3 



©Int. CI/ 

D 06 M 15/00 
A 61 F 13/18 
B 32 B 5/02 



. © a * m st ft (j p) © m m n ^ 

© 2: «F ft CA) spi - 1 62874 

JfrtSW* 1^(1989) 6^278 

3 0 7 



7438- 4 L 
C— 6737-4C 



€M#. S3 BS62-316Q31 
@ffi Bl PS62C1987) 12^168 

BB * ¥ *G Jfc ?f^II^JI[^rffJI!^(Z^ < feSr3--2 ^mxs^^iUfi 

ft » ^^ni^jiii^rtTju^Ei 1 ^ 3-2 ra^mx^#SLm 



IB * EB 4 s 
IB 3* * « 



©as n a psfpmx^^^a: 
0ft i a ujt 



4 ft 

:4£fe « -fr <* © SI a ^ ft 

* © e a 

# BE © 4> * < t 4-c?oSi^*>4 K 

ti 5 » fft _# *Jfc tt^^ja^^jr « « * it v 
PC U Hi $^J*3^$JB J^,©^3jBJC, 

Hi&jz&mm Lt^> * ^ - at ® # % 

*&*<£**^#©»3a:£S*. 

/fe fS $ *i s - i 8<fSTfc***a*»;ft©8S 
sa is © r t}c a * © « is ^ as • 



»<2)*E*©ft**Sfefc<frtt©#i&:fr«fc. 

C *J*Jfc ©5Rffl 3 

55 9* tf £ £ L-C ft.*T « «fe fiK » JB ^ # j£ 

H «S ffl « * v - h^±*H£/B©<&*Jiii*#H & 
X 3£ ft & * # . fl? 3= «* . B^tf* *;'©##£ L~c' 

* * *:«&*£&©#****!) SI L * Rfr * 

atttcni tk^ ^ < © a- » -r ^ b^t^i, 
^ - / A^oufe^ ^>fi25 ^ - r *> x nss 

<r - * 2 © *g-0E S3#Ktt^rciSS*Eff7X:&tt 
c©gff*t*ffH. © ft K & L ?t 6* 7k a 



— 485- 



KRJR-S^X^ ^~ tat i C i ^4 I 

t C K m b *u 2> ft tK *f . RiS^i Lttt, 
V x f w y ij ^-/'S'SO^iJ/o v $J *) 

* 5: fl* JSt 3? JR £: LTV^iTtttK. fit © » 31 ft a* 
£g * S # T £> & iln H1S4#«.53t. 

S3 <D B ft tt. «. « S * 7t tt - 7*4fc€Sf « ft: 
^ ^ "C N ffi M O <£ & <£ {*~a>r °r&E-C2>£. 3tt5£% 

*%9lOR *t£3T<£-#<D«?afc2;*fctf:. #fi*A^ 

^4<ti-o©fflt^b5K aa <s a a <£• jst « 

S: M 3* L "C # fe**#tt***:tttt-frfaig#:<Dt& 



- »> m s m <z> bi ft z o js ?i.vc m jl -r * at 



«l&©^ * < U-^t5/S f)4 K M.~?tef& 

A&mmta <o m & $> * < t t — sso^src&mL 
v a. h fi*, ^fctti^ffK:^ y y h ijtosis 

S \rt S 0 O.-lCDOOT-i-A, K l. 0 0 0 — 
4. 0 0 0 5*- - AO ^Oiijf t Ll^. 

«^7-y y ho-/uKi7>Jt-r^SL. ^^fcuTt 



-486- 



tto. o 3 — o. l L < tf: o. o 3 — 

), s/fio 3 m&m # ^ v 

/ '& / (£ O 5 S # * bitAo 

to* \~* < • *" -* Kfia^ft»tB# LTfc % ©* 
t * 5> * * ^ ^ • =*TStt<£«tai*i£ttL*:*© 

»**fll&tt4*ICWfift£*Lttl**^ ft » J52 «? fll 

& ft m * m & \^<&m & & &® & ft & * & * 



■J * 


fffrXtfiSfiittl&WKrf 


ij ^ ^- \y <o sr 






h * *dt 0. 3 — 


0. 3 6 


;£ fl: * ^ 2? * L i^ > : ^ f 


v ^ - & 2k ^ 


*f ^ B* 


'J 


7C ^ 3t -ft- ^ 


C E T 


# It ) x xy-wv-T*? 




( BAA 


# Jiff ) x 


y f ij w - h pk 




C EE A » J© ) © X 3 * * f 


\s is - 7 ? y u 


- Y % 




; 1k h if 


at w 




* y y » ^ s 


£ ft*? 


O ^ « -C B^fcJfC^SO L 7* 




( *T * 


*> T-f 






b <&m&&BSLms2 © *> -b > 


# frC a* ^ >u 


25i/t 


tt * ^.k # v' ^ 35 t t ^ 




ft J© © 


/a * 8F * Lv^o cox 5 


* fi* 5! 


ft m it 




as «js » « 




* S3 ft „ 3sS*J^7ki&*£#J 


as <t rjg -r * ^ 









£r * * X >> — m 5fc @ K $fi»lttrOK^1:K5 



T3H}¥1-162874 Q3J 



% © a* •* u 




ffi O « /SI o s 




1 0 u J^_h-c 


^*C^j5s»-*U^. <bu^ Hi ^ ^ 


4ft & *C ^ 




■p -c % X . 




-KK. ft 




^ > iS5 ?B BE a* 


9 *t , # y i ^ f a K ^-^ro 


^ 6 ±^ X ^» 




e> ia «: ix z . 












« JB at v% e> 






y ^- u- ^ O 


X J&rfUa-^^-fx ; i f v x - 






3 x & , *s 


7k ^ u ^ x St x i^Tk^^^^ER^O 


?F a f a S3 a* * 






>J if ^v, S ^ 9 


* ^ ^ >^ N S 


8FK^ !l 4f ij / d ^ u y 






. £b J5A J5£ 








A a * y 












ft*** ^ A 




v <i f tSL • 


> ^ ^ 'J f - ^=7C^3t^^ 






y - m m t 




* % m K ±r 





-tfrLtt-C. IS" * m & m ffir © 3c ^ % ?B K & Hi «T o (£ 



-487- 



* y * *■ !✓ ^ -* ^ * ^ K > *97^ 9^75 >" ^ 



»B¥1-1B2874 

ft x 3*.Sv*lSi*#* — Kic^ro^^StS 

ttio — sao^-Cs »tU<ttio— 3 oo 
X £ -4 L c w: i o — 5 o * -c £ ft . 4>L> 

ffi«IL^St< £ ft . 

^ - 7- 4ft « jv # N ****** U< 

trc^Ui 0-6 oi&SSTr^ft^i**?*^ 

8 * U: * * * ft * tf ; * : * >b -T ^ omfi: 
JS-^LJ&ftKBSL. ^ - ^ ** /S # > » © * * 



-c N -r- j*ta*%L< 

- r ** « ;* * s »fa^^u<tt^^««^^ 

CtKlt^-CN 3K flt & m S ft • 

*f6E KJB ^ii. ft &A*)fcU tfj 52*® 

A, -C 4> « ffl T S ft • 

— ^urf9^9v^^» — * ■> ^ »; » — 

^ i; / ij c/^s-f ^ ^ M n - A # 1J r 

V <S j» * - 5* , ^ 9 h= o - ^ * V * U *r 
^ _ ^ ^ . x w ^ ^ 9 9 - ^ *r * 9 *> *• * - 



n ft . 

^7*~>s T^^^T'J - ;v ^ ^ * * - hviif 



488- 



Bto^itfCJlu-CO. 2 5 — 22fi*T5>£>c£3>i 

rti&m&ifi 2 aft* tmjLfti&frti&m r-r> 



as k 






bit -r . 


* K: 


as m u -c u -4 $ . 








35: 


















t s 


K & 








i <o 


< tt 


£ & 3f © ? * — jC r y a -T ± & 


CD 




^ o 




9 # * L ^ • t < K FFT tt «tl E 






ft a 








^ fife 


-r £ 






5: 






<d n 










t efc 










Rtr 


E * # tf *» & A. 9*-&fc©$&f&« 




tt x 


— 












K ^ 










fit! frC 


5 — I 8 fS. 0H<»18 - 1 


3 







T £ * . -* © « A 5 ffrSfctfl-Ctt* 

x *± * < „ a 9-t&*te**{£<* 

& o i/t, 5S ?& fS * 1 8mSrH,JL*£3R«*ai<P 
a & ?s < a * & ^ *j <ft < * a © -r # * u 

< * l~ *: 1* T £> * . *»tffi3S^Si^Ltf - 7* 



»E3¥l-JLB2874 (S> 









AOfC^Ux f& © i& Wtte ® 


& 


°r ii t 






-c * < 




* ^ o 




*«* 


-c $ i 
















Lttt 








^ ^ - 




& ^ — — % ^ ^ Z7 


^ - h 


Sc. i % 


zr ~ 


m Hi Z <0 * — 7* X ^ 7- ^ 


FFT & 


«* B — 


* g — 




^ * if 


© ^ n 








i < 





« fll^ -4 7t tt ©ftl<4: Jb K 7k: S 

n>«tn boas ^ . mtktt 
m b» «c ® ^ . 
^3 a « 3r « fia 

» fC tt 1 ~ 1 0 »^ L 



* of jSEI toSlo^ 

«: o a m . Tjc ^ ^ t« 
— Ktctt i 2 o c^ia 

< tt 2 — 6 ^- §S T % 



-489- 



^ y ^aaey-^a^ttx ]> © *c s r « is ^ ffi 

tti * 4*i± » an x « ( *r ^ v ^ . * * * t 4 

fft «) i 2 ft ^ * . t o ?& an x *a i £ 

2§ f£ v 1 4 ^r^LtRfBS 1 5 K & Z t t % 

1 5iC&*tt.ffl*K:*^-C^i>s ft 1 7 tt * — -a 

k to -c < a • 
j:ss&-s-*«t£tt*i o o at ft au *L<r ^ s * 

ij a — ^ g v *J * — ' "T" ^ C 3ft 86 53 > < 1- 
3 - A. EX-313 ) 0. 0 1 S ft «3 > gffi^l ( / * 

* &nm'm&m* *<i7*-^vz i o . w « fl: 

) 0.5 lft»\ /ij^iJ/O. ISSSlfcfi 
. 5Sftlt£l 5 © {el ft St 9 0 0 rpn , jSlRft 7 5 

as # iJj # i 3 uj/w zs t<o ? y ^ » la * *• <# 

T ? 9 ^Be^-^^^Srttaf-tfLifc ( *t » * 4 0 

) x feia sift #i 1 £ k: u -t ^i, ?s 

i ^ t ^> 5 i 

/SailMl 20Sat % 0.8 / /#s £ S* ft 
1 5 0 * / . ISift$8fti LtCi> ^XO' 

****xs©s£»i3M«: 5 # t Lfcii^^^i:^ 

as «t i it . 
Jt «^ i 

7 2 'J ^a/-/iJfifi»U'C^4j»»*i r ^ fi- 
6 0*R3?5*^^.JWntt^ 3£fc0iJl£R«KL.-C 



Vt C3¥l-162874 (7) 
£Slf L0 ft»«S 1 1.6 ft i: u*. 

*& * a . c<o#51w:;b*#ia* 4* r tttt^-Cfift* 

1 2 OCOKft5 2 0 K^]) N ^r-r K n — 2 1 
T'//r/fc»«* 4 "' * St 3 U -C. l£ » S ?3 © 

2 2 frC * § ^ rt: . 

?t* m 2 

-vjk ( ER«SSf®2 0 A/P P» 1 0 A/£R*i 
j© /S . 2 0 A ) t ^ 5 * h i Lt»4 0 O ^ — 7- 

£ U x cor-7*tJ£(^ - >i5S l o 3 t: -c # 
^fp]K5ftg{?L-C3 0 1 2 ^-^-^O^ — 

^ ?t • c o t - / t ^ ij sr ho-^-r«9ia«g 

0. 0 7-lfC^«U5to ft|©*tt3 0 1 2 T* = - ^ 

-C o Vfc • IX K t © flMt ft*^ D y*» ( *Ktt 

S: 35 1 K 7* -t . 
*o^^C^> # ^ ^ 7* ft * & 1* ^ # VC * # 



-491- 



© *a at « * ^ y — x * r h±fc^^* c 

E * ^ ^ b it 4 . 

C O ^ & ft V% St Tjc t£ 6E £ 5* 7T i£ * *T U . & 

tt . 1 *©ft2k<£t*-fr#*I 5 0 O 3? § * (C 5 



15 0-s (f 7'/*)oiicar. i o a- ra * 

ft*f£3e = — 

9s * m i 

T J5* ^ » & K X J? % £1^7 i/-^, x 
* » 

f »; x /■ — a « c,:i7oc 

c 2 :19 0c 
c 5 : 2 0 0 "C 

0, 9 2 0 */« 3 . MFR 3. 0 * / 1 0^. fi4 /fr 1 2 0 
C ) -<-^E BttSS (^^^ V>f 7 h ? 

0. 3 5 £ ;£ * . JR A 1 2 2C 



* M JS 

J* ^ V *. — g. 6 5—* 

5/ 9 V ^ — S £ C, : I 80C 

C 2 : 2 0 0 c 
Cj : 2 I 0 C 
P P ( Jgfitttf i; 7" n v/y s ft & 0. 9 0 ?/«i 5 . 
MFB 3. 0 0 . »J A 1 6 0 C ) * » ft* *F - 

* ?3 IS 

J* ^ 9 - - « 40— * 

>f 'J y 7* % 1. 2 «■ n §i«3SE3 L 5 » / ^ , 
Tj»S^B RSffiH ( 2 0* ) / P P ( 1 0 /«) 
/BR «]S!B ( 20/i )OH»-f>-7^ — c^ r X 

7 ^ t ii^tts 7 t r-7*« 4 o — K 

i; :r h L * a - A- © 1 0 3 C ^ J£ # tfr # 

^tt 3012 f ^-^t i ?/C. 



L to ^ . 

( »«»^^^fifts 0$?yx^ - 721 

a p ■=>--=- ^ h)5 K^^t. coftSL* — T-y-^m 

SKr-T-isXtBS t 7kL& & & & J£ 7 * *3 — K 
5t^fi /<r^8 is fetttJIB 7 

IB©3fc 7 <h Lt, ^F^tiS 5 0 A U 8L Z> # 'J 
-^^St^ttSTLTfctfclKi** ( « 3* a it 4t 9 1K 

7* n -c & 7t *> ) . 



-490 — 



¥1-162874 (S) 



« i 



\«8 
*\ 

«\ 


n 




fi £ 

(C) 


PAS* 

sura 


* » SE (BP) 


/a so x m 


IE I* S 


(ft 

ma 


ft * 

f»X 

Cfl» 






% # 


EODGZ 
a • p 


y * 




SKI 




( rpm) 


torn 

im 


1 




70 


10 


130 


45 


0.5 


0.0 1 


. 0.1 


100 


75 


1.0 


900 


IU5 


120/3 fl- 


4585 


55 


2 


sr 


70 


10 


130 


40 


0.5 


0.0 1 


0.1 


100 


75 


LO 


900 


1Z-6 


120/3 3- 


4428 


SO 


3 


** 


70 


10 


130 


45 


0.5 


OX) 1 


0.1 


100 


ISO 


0.8 


900 


8 


1 20/5^ 


4804 


60 


1 


** 


70 


10 


130 


45 


0.5 


0.0 1 


Q.I 


100 










120/50 


4276 


30 



C 5£ 88 © 5» 3 

#i*4@^nfloi&£?£ft3>i*r#&-r*j>., 3 ^ r o 

4r-^^ffl«S*tt«*fttti:J6H ft H S « « * ^ 
ffi 3= # -t © O 5fc *T £ L-C^ffi*40"C^^. 

^ -r - h . » 2 Bna^»a*o-w tst«wf 
3 - * a* & « 4 -isa^, s s * - * ^ 



^ *a . 7 * m & «f a? «j * . i i -'jd**Ss 
i 2 -/siuia, i 3 — & 2k s m * i s — % 



-492- 



#ffl¥l-162S74 (9> 






©Int. CI. * 
B 32 B 



7/ 



D 06 M 

H 01 B 
C 09 K 



27/08 
27/12 
15/55 
21/04 
7/28 
3/12 
3/18 



10 1 



6762- 4 F 
6762- 4 F 
7438- 4 L 
8521 -4L 
E— 7364- 5E 
6926— 4 H 
6958- 4 H 



-493- 



